SUMMARY Twelve patients with medically refractory ventricular tachycardia secondary to ischemic heart disease underwent surgery for cure of their arrhythmia. Preoperatively, the tachycardia could be reproducibly initiated and terminated in each patient by programmed stimulation. In all instances, intraoperative mapping localized the tachycardia to the border of the aneurysm, a site not routinely resected during aneurysmectomy. In nine instances, the area of origin involved the septum. During bypass the tachycardia could still be induced after standard aneurysmectomy or ventriculotomy in 11 of 12 patients. On the basis of intraoperative mapping, resection of endocardium in the area of origin (25-40% the circumference of the aneurysmectomy) up to normal muscle was performed. In one patient without a discrete aneurysm, endocardial excision alone through a ventriculotomy was performed. There was one operative death due to cardiogenic shock (preoperative ejection fraction 5%) and one late death due to rupture of a mycotic aneurysm in the pulmonary artery. Before discharge, all patients underwent a repeat electrophysiologic study off antiarrhythmic agents and in none could ventricular tachycardia be initiated. Hemodynamic and angiographic catheterization showed improved hemodynamics and ejection fractions in all. The 10 survivors remained free of sustained ventricular tachycardia for 9-20 months, with one late nonarrhythmic death.
THE SURGICAL THERAPY of malignant ventricular arrhythmias has included ventricular aneurysmectomy and coronary artery bypass grafting. [1] [2] Despite early reports of success with coronary artery bypass grafting as a treatment for these arrhythmias, recent studies have shown that bypass surgery for treatment of ventricular arrhythmias not mediated by ischemia is less effective.9-11 Similarly, although aneurysmectomy with or without coronary bypass grafts has been reported to be a highly successful procedure, other studies are more pessimistic.8 ' 9, 12 In one study in which bypass grafting or aneurysmectomy or both were used, bypass grafting alone was least effective and associated with a higher mortality, suggesting that resection of myocardium is important.10 Thus, while aneurysmectomy and bypass grafting are widely used to treat malignant ventricular arrhythmias, the results have not been uniform, and some investigators question use of these procedures when the sole indication is arrhythmias. 1" 12 Several factors influence the results, including 1) poor characterization of the arrhythmias relative to the type of arrhythmia (sustained vs nonsustained ventricular tachycardia, symptomatic vs asymptomatic, reentrant vs automatic, etc.) and the temporal relationship of the arrhythmia to ischemic events; and 2) varying surgical techniques. We describe a new surgical procedure, endocardial excision, that is an important adjunct to simple aneurysmectomy in treating reentrant sustained ventricular tachycardia associated with chronic ischemic heart disease.
Materials and Methods Twelve consecutive patients with recurrent sustained ventricular tachycardia refractory to medical therapy underwent surgery for control of their arrhythmias (table 1) . Ten men and two women, age years, had coronary artery disease with documented myocardial infarction 2 weeks to 60 months before surgery. Hemodynamic and angiographic catheterization revealed significant coronary artery disease (Thean of 1.75 vessels with > 70% obstruction) and asynergy in all patients. Eight had anterior and/or apical aneurysms, two had anterolateral aneurysms, one had an inferior aneurysm and one had inferior akinesis without a discrete aneurysm. In nine patients, the aneurysm involved the septum. Ejection fractions ranged from 5-40%, and six patients had been deemed inoperable by surgeons at their referring institutions.
Ventricular tachycardia recurred preoperatively in each patient despite therapy with maximally tolerated doses of standard and available experimental agents that could be administered without hemodynamic or allergic contraindications. The drugs included lidocaine (5 mg/kg i.v.), procainamide (750-2000 mg i.v. or 6-12 g/day orally), quinidine (1.6-3 g/day orally), disopyramide (800-1600 mg/day orally), diphenylhydantoin (1 g i.v. or 400 mg/day), and aprin-1430 After epicardial mapping, the heart was elevated and an incision made into the center of the aneurysm. In four patients, this was done during sustained ventricular tachycardia. The thin-walled aneurysm was cut to within 1 cm of the palpable border between normal myocardium and scar. In nine cases, the aneurysm involved 2-6 cm of the septum and this segment could not be resected in the conventional manner. Before closure of the aneurysmectomy, programmed stimulation was again undertaken. If the tachycardia was inducible, endocardial mapping of 36-50 preselected sites along the aneurysmal border and selected sites within the heart was performed. '7 18 In one patient without a discrete aneurysm, a ventriculotomy was made in the scar, programmed ventricular stimulation repeated, and endocardial mapping of the induced ventricular tachycardia accomplished along the septal border of the akinetic segment.
All data were recorded on line on an Elema Mingograf and the earliest area of activation was determined by two of the investigators. Based on the data that showed the source of the arrhythmia to be within 2 cm of the border of the aneurysm ( fig. 1 ), endocardial resection was then performed in the area determined to be the origin of the arrhythmia. In nine patients, the resection involved the area of the aneurysm or akinetic segment that involved the region of the interventricular septum. In the remaining three cases, the resection involved a lateral edge of the aneurysm. In patients with a discrete aneurysm, the edge of the aneurysm was grasped with clamps and the endocardium was undermined with scissors (figs. 2A and B). In this fashion an 8-25 cm' of endocardium extending 2-3 cm beyond the edge of the aneurysm, including the area overlying scar tissue, was removed ( fig. 2C ). In each case, the resection involved 25-40% of the circumference of the aneurysmectomy. In the remaining patient without a discrete aneurysm, endocardial resection of the posterior third of the interventricular septum was accomplished in an analogous manner.
In six patients, coronary artery bypass grafting to vessels with greater than 70% occlusion was performed by means of a totally decompressed, unrepaired ventriculotomy after endocardial resection. Total body and myocardial temperature was reduced to 30°C during the proximal and distal coronary anastomosis. After the grafts were completed, the ventricular resection was repaired in the standard fashion using large mattress sutures buttressed with felt pledgets. Patients were then rewarmed. Air was evacuated from the left ventricular suture line and a separate vent site in the aorta. The hearts were then electrically defibrillated. The electrodes were removed and the chest was closed.
Results

Surgical Results
Aneurysmectomy and endocardial excision were performed in six patients. In three, coronary artery bypass grafting to vessels not supplying the area from which ventricular tachycardia originated was performed; in three others, coronary artery bypass grafts were placed to vessels that supplied the area where the tachycardia originated. Eleven of the 12 patients survived operation. Six patients required transient inotropic support and two patients required intraaortic balloon counterpulsation. These patients stabilized hemodynamically within 3 days and supportive measures were discontinued. No patient had sustained ventricular tachycardia despite infusions of catecholamines.
The single operative death occurred in patient 2, who had a 5% ejection fraction and a recent (10 days) myocardial infarction. Despite catecholamines, vasodilators and intraaortic balloon counterpulsation, the patient died of cardiogenic shock 24 hours after surgery. This patient had no ventricular tachyarrhythmia after surgery, although 30 cardioversions had been required in the 24 hours before surgery.
There was one late death (patient 5) 6 weeks after surgery. This patient, who had no sustained ventricular tachycardia after surgery, developed pneumonia complicated by sepsis and an endovasculitis that led to rupture of his pulmonary artery.
In all surviving patients, repeat hemodynamic and angiographic catheterization revealed improved hemodynamics and left ventricular contractile function ( fig. 3) . In each patient, the left ventricular enddiastolic pressure decreased after surgery and ejection fraction increased. There were no untoward effects of endocardial resection on left ventricular function.
Electrophysiologic Results
In all patients, ventricular tachycardia could be induced intraoperatively by programmed ventricular stimulation. After ventriculotomy and/or resection of the aneurysm, the tachycardia either continued (in the four patients in whom this procedure was performed during a stable ventricular tachycardia) or was inducible in 11 of the 12 patients. Thus, in these patients, aneurysmectomy using standard techniques failed to remove the tissue responsible for the tachycardia. In each instance, epicardial or endocardial mapping located the site of origin at the border of the aneurysm (11 patients) or akinetic area (one patient). Further, in nine patients, the site of origin involved the septum or contiguous tissue, which are not amenable to excision.
Endocardial resection was therefore performed to remove these areas.
All surviving patients underwent an electrophysiologic study before discharge. Eleven patients FIGURE 2. Excision ofseptal endocardium (case 10). (The septum is at the left of the opened aneurysm in both panels.)
In all three patients, the aneurysm involved the septum to a variable degree. A) The subendocardium overlying the infarcted septum is grasped by a clamp and undermined by scissors. B) The subendocardium has been removedfrom the inferior edge of the septum to the mid-septum (5-6 cm) and 3-4 mm deep. C) The excised endocardium. The tissue is opalescent and semitransparent. tNo change from preoperative symptoms. Abbreviations: An = aneurysmectomy; EPS = electrophysiologic study; Endo = endocardial; CABG coronary artery bypass graft; LCX = left circumflex coronary artery; LAD = left anterior descending coronary artery; PA = pulmonary artery; RCA right coronary artery; VT = ventricular tachyeardia; VPDs = ventricular premature depolarizations; SVPDs = supraventricular premature depolarizations; AIVR = accelerated idioventricular rhythm; Asx = asymptomatic (i.e., no symptoms of palpitations, cerebral dysfunction or congestive heart failure); CHF = congestive heart failure; NP = not performed.
were receiving no antiarrhythmic medication. Patient 10 was on 200 mg of quinidine sulfate every 6 hours for recurrent atrial fibrillation, but higher doses of this agent failed to prevent ventricular tachycardia preoperatively. In no instance could ventricular tachycardia be initiated by programmed stimulation, inctuding rapid atrial or ventricular pacing and the introduction of single or double ventricular extrastimuli from both the right and left ventricles ( fig. 4) . Despite the failure to initiate the tachycardia in these patients, all patients had ventricular premature depolarizations during 24-hour Holter monitoring before discharge. Follow-up All patients except patient 1 were discharged on no antiarrhythmic medications despite the presence of ventricular ectopy. There has been one late death (8 months) due to rupture of a pseudoaneurysm. Gross postmortem examination of the heart revealed that the subendocardial resection was completely endothelialized and not involved in the pseudoaneurysm. The cause of the necrosis that resulted in the pseudoaneurysm was uncertain, but evidence of ischemic damage was present. This patient had no documented ventricular tachycardia before death.
The remaining nine patients have been free of symptomatic systained ventricular tachycardia for 9-20 months. Repeat Holter monitoring in all patients has shown persistence of asymptomatic arrhythmias, including occasional multiform ventricular premature depolarizations (six patients) and couplets (five patients). Exercise tests have been performed in seven patients, all of whom had improved exercise tolerance and had no exercise-induced ventricular tachycardia. No patients have symptoms of congestive heart failure or a low-output state. 1) The arrhythmias for which surgery was undertaken varied from short (three to 10 complexes), nonsustained runs of asymptomatic ventricular tachycardia to sustained symptomatic ventricular tachycardia.
Discussion
2) The mechanisms of the arrhythmias being treated differed, and their relationship to transient ischemia before surgery was not documented.
3) Surgical techniques vary from institution to institution.
4)
In other studies, there have been no pre-or intraoperative evaluations of the arrhythmias to localize their origin to the tissue being resected or revascularized. Much of the variability of results may be explained by failure to resect the region responsible for arrhythmogenesis with simple aneurysmectomy, because this procedure does not include the border zone, which many investigators have suggested is the source of this arrhythmia.12' [19] [20] [21] [22] Moreover, the septal portion of the aneurysm, which was shown to play a role in the tachycardia in nine patients, is not removed by standard procedures.
Role of Pre-and Intraoperative Mapping
In all but one of our patients, preoperative catheter endocardial mapping localized the origin of each tachycardia to the area of the aneurysm. This information provided a rational basis for aneurysmectomy. In all instances, the earliest epicardial breakthrough occurred after the onset of the QRS. Similar observations have been made by previous workers.16 [21] [22] [23] The limitations of epicardial mapping, however, have been recognized by experimental24 and human studies, '8 
